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108
Another alternative source to replace fish meal is terrestrial plant proteins. Fish 109 meal and fish oil were replaced [9] with a blend of plant proteins and vegetable oils to 110 make a sustainable diet for Atlantic salmon, meeting the nutritional requirements. The 111 result of their study suggested four times greater efficiency in terms of fish meal 112 consumption at 80% replacement level with plant proteins. 113 Rendered terrestrial animal products can also be used as an alternative protein 114 source to fish meal [18] , [19] . One of the animal protein sources widely used in fish diets 115 is animal by-products, given that carnivorous species prefer replacements of animal origin 116 rather than plant sources due to palatability. The use of animal by-products have several 117 advantages, including being free from antinutritional factors such as phytic acid, 118 phosphorus, or indigestible complex carbohydrates. Furthermore, they contain low 119 amounts of carbohydrates, and are high in crude protein and crude lipids, as well as 120 vitamins such as B 12 , and trace minerals such as iron, cobalt, and selenium [20] . In addition 121 to the good nutritional value of poultry by-product meal and hydrolyzed feather meal, they 122 have a very competitive cost advantage over fish meal [21] . 123 While there have been several studies on replacing marine ingredients with 124 alternative sustainable sources, more effective replacement levels are required. Therefore, 125 the objective of this study was to evaluate how using alternative diets with low content of 126 marine resources can affect growth performance, and muscle lipid class and fatty acid (two replicates per fish) was weighed and transferred into centrifuge tubes (plus 1 blank).
198
The sample was homogenized with 5 ml of 5% (w/v) trichloroacetic acid (TCA) by 199 polytron. Samples were centrifuged at 3000 rpm for 10 min and the supernatant (top layer) 200 was filtered through a 0.45 µm pore syringe filter. Five ml of 0.08 M thiobarbituric acid 201 (TBA) and 2.5 ml of TCA were added and heated in a boiling water bath at 94±1°C for 45 202 min then cooled to room temperature. Finally, the absorbance was measured at 532 nm 203 using a UV-spectrophotometer. Thiobarbituric acid reactive substances (TBARS) values 204 were calculated using a standard curve. Standard curves were prepared using 1,1,3,3-205 tetramethoxypropane as a precursor of malondialdehyde (MDA; 0 -10 ppm). Moisture levels in the feeds ranged from 3.88 to 6.39% and the major lipid class 219 was triacylglycerol ranging from 92 mg g -1 in the animal by-product diet to 173 mg g -1 in 220 the ω3LC0 diet ( (Table 3) . Growth performance 248 After 14 weeks of feeding, final weights were lowest when using the diet with the 249 lowest fish meal and fish oil content (ω3LC0), followed by the diet containing the highest 250 level of animal by-products. Fish fed diets ω3LC0, ω3LC1, and ω3LC1.41 had the lowest 251 hepatosomatic index (HSI) and fish fed the marine diet had the highest HSI (Table 4 ). The 252 lowest specific growth rate (SGR) was obtained with the ω3LC0 and animal by-product 253 diets ( Table 4 ). The condition factor (CF) was not influenced due to relatively similar 254 growth in body weight and length, which shows that the diets were well designed. 
Muscle lipid class composition and fatty acid composition 265
There was no significant difference in total lipids among the different treatments 266 but muscle triacylglycerol was lowest with the animal by-product diet and highest with the 267 ω3LC1.41 diet (Table 5 ). Fish fed the marine and animal by-products diets showed the 268 highest and lowest level of sterol in muscle tissues respectively (Table 5 ). Diet ω3LC0 269 resulted in significantly higher contents of 20:4ω6 than medium marine diet. Animal by-270 products, ω3LC0, and ω3LC1.41 diets led to the highest DHA/EPA ratio, while the marine 271 diet resulted in the lowest ratio (Table 6 ). Table S1 ) but there were significant positive correlations between HSI and fish meal, fish 289 oil, and EPA+DHA (r=0.77-0.88). By contrast, there was an inverse correlation between 290 HSI and vegetable oil content in the diet (-0.942, P<0.01), which is why the diet with the 291 highest inclusion of vegetable oil (ω3LC0) resulted in the lowest HSI (Fig. S1 , Table 4 ).
292
Animal by-products inclusion showed a negative correlation with condition factor (CF,
293
Table S1), while there was a positive linear relationship between the content of 22:6ω3 in 294 diet and muscle dietary essential fatty acids and muscle fatty acids for 20:5ω3 and 22:6ω3 295 (P<0.05, R 2 = 75.8% and P<0.05, R 2 = 60%, respectively, Table S2 and Fig. S2 ).
296
Lipid oxidation 297 Lipid oxidation was also studied to measure the extent it could be affected by 298 muscle tissue lipids, as high content of PUFA could make them susceptible to oxidation.
299
Oxidation results were represented by TBARS values for marine, animal by-product, and and feed conversion. However, the present study further reduced the fish meal content to 318 as low as 5%.
319
The ω3LC0 diet also resulted in the lowest HSI which is contrary to the results of 320 other studies on salmonids (e.g.
[28], [29] ), in which HSI was statistically unaffected by 321 the increase of vegetable oil content in the diet. However in those studies the maximum 23 322 vegetable oil content was 20%, whereas here the ω3LC0 diet had the highest inclusion of 323 vegetable oil at 27%.
324
Correlation analysis showed that growth performance characteristics are positively 325 correlated with total concentrations of ω3 fatty acids in the diets, but interestingly there 326 was no significant correlation with individual ω3 fatty acids in the diets suggesting that an 327 improvement in growth performance may be obtained irrespective of ω3 fatty acid chain-328 length or degree of unsaturation. In turn this indicates an interchangeability among these 329 fatty acids in terms of function or biochemically through modification of chemical 330 structures, e.g. chain elongation and desaturation.
331
With the exception of the animal by-product diet, diets containing ≥5% fish meal 332 and ≥5% fish oil gave the same final weight, and length gain, probably because the 333 minimum level of essential fatty acids was provided [30] . However, as with the ω3LC0 334 diet, the animal by-product diet resulted in significantly lower growth despite containing 5% 335 fish meal and 5% fish oil, which may relate to lipid oxidation. While muscle in fish fed the 336 animal by-product diet was expected to be less exposed to lipid oxidation due to the lower 337 content of PUFAs ( as when marine based diets were fed (Table 6 ).
377
The fatty acid compositions of muscle tissues ( This study evaluated the effects of minimizing marine resource utilization in diets 385 of farmed Atlantic salmon on growth and muscle lipid composition. By replacing fish meal 386 and fish oil in aquafeeds with animal by-products and rapeseed oil at levels used in this 387 study (33 and 27%, respectively), marine resource utilization was reduced to 10% or less.
388
This affected growth, and lipid class and fatty acid composition of muscle tissue, unlike 389 with lower replacement levels of 26% and 22%, respectively. 
